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EXECUTIVE SUMMARY

During discussions with the Utah Division of Oil, Gas and Mining (DOGM) on January 15,
2004, PacifiCorp committed to prepare a data and study update to the June 26, 2003
"Investigation of Technical Issues related to the Electric Lake and Huntington Creek Drainage
Controversy" . This submittal has been prepared as an Addendum to that document . In preparing
this addendum, we have tried to maintain consistency with the June 26 th submittal, and provide
updated data and conclusions in the same general format as previously submitted . However, new
evaluations, data and graphs have been included within sections believed to be the most
appropriate based on topic. PacifiCorp will continue to keep DOGM apprized of any new
pertinent information at it becomes available .

The data contained within the original June 26, 2003 submittal, along with continued confirming
data contained herein, clearly demonstrates changed hydraulic conditions at Electric Lake . It has
been suggested by others that noted impacts on Electric Lake are due to the current drought, and
that we should be evaluating "where the water is going" rather than trying to point to the mine as
the cause. A continued review of available data leads to the inescapable conclusion that the
problems being noted at Electric Lake are in fact a direct result of mining activities conducted by
the adjacent Canyon Fuels Skyline Mine .

Extensive studies have been initiated by Canyon Fuels in an attempt to investigate, evaluate,
•

	

hypothesize, and model alternative explanations for the losses experienced within Electric Lake .
The bottom line factor is that there was no earthquake or other natural phenomenon that changed,
or could have possibly changed conditions prior to the time that lake losses were found to be
occurring. The only real change to surrounding hydrogeology noted to date is that 1) the Skyline
Mine conducted mining operations within a very short distance of Electric Lake, 2) the Skyline
Mine encountered several inflows as they approached Electric Lake which were significantly, and
unexpectedly, higher than historic flows, and 3) encountered water at 10 Left was of such a
magnitude that it drove workers from the area, flooded the adjacent mine workings, and has
required an investment of millions of dollars to control. All factors point to the conclusion that
water entering the Skyline mine has changed local and regional ground water conditions, which
in turn has affected the hydrologic balance of Electric Lake .

Comparisons of current versus historic data show that although there have been significant
periods of similar drought in times past, there has been no event that rivals, nor can even
approximately match the initial and continued response of Electric Lake since 2001 . It is further
important to note that continued anomalous conditions persist in spite of the best efforts by both
the mine and PacifiCorp to offset those losses through ground water pumping and reduced lake
outflows .

Conclusions reinforced through a re-evaluation of the updated data presented within this
addendum include :

∎ Water levels and volumes within Electric Lake have been artificially increased since 2001
through well pumping and reduced discharges .
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Without man induced (artificial) inflows from JC-1, JC-3 and from reduced lake outflows,
Electric Lake is projected to have dropped below the outlet structure twice since 2002, once
between December 2002 and April 2003, and again beginning in December 2003 . The
significance of these projected events is to say that discharges would have ceased during
these periods, leaving PacifiCorp with no available water . Additional data beyond that
contained within this report is needed to identify the ending of the second period wherein
levels were projected to drop below the outlet structure .

•

	

A total of 18,016 acre-feet of water has either been pumped into or held back in Electric Lake
since 2001 . Of this, Electric Lake has only seen a maximum storage benefit of ,1 4 acre-
feet indicating a 55% loss of all pumped or held water . Increased volumes to an already wet
lake should have experienced only minor losses, far below those noted .

•

	

Although PacifiCorp's "Lost Water" calculations do not accurately define and calculate all
Electric Lake balance components, they are a very good indicator of trends, and very helpful
in determining changes which have occurred over time. These calculations must not be over
looked nor under estimated .

•

	

Data evaluations included within this report show increasing losses in lake storage at the
same time as inflows from wells JC-1 and JC-3 have increased, and discharges have
decreased, continuing to indicate a hydraulic connection between the lake and in-mine
waters .

• Water loss calculations based strictly on differences in recorded versus adjusted lake volumes
(taking out JC-1 and JC-3 inflows and reduced outflows) show an average loss trending from
5 . to 7.9 cfs (2,600 to 3,545 gpm) .

•

	

A comparison of pumped volumes from wells versus resulting volume changes in Electric
Lake shows pumping efficiencies between 4 and 62% . These efficiency numbers indicate
that between 3 and 52% of all water pumped into the lake is lost . Since well water is
discharged directly into Huntington Creek thereby eliminating channel losses, these extreme
losses are attributed to increased ground water drawdowns which in turn create increased
losses in Electric Lake.

•

	

Water levels within Electric Lake continue to decline in spite of 1) significant action taken to
increase inflows (wells JC-1 and JC-3) and reduce outflows (lake discharges over the last two
years have been lower than any previously recorded time period), and 2) the fact that the
current drought is similar in nature to the five year drought of 1 6 - 1 1 .

•

	

A comparison of average annual changes in lake volume for the comparable drought period
of 1 - 1 1 to the current drought period (1 - present), shows that average lake losses
have increased from 2,1 5 to 5,526 acre-feet/year . This total average change in losses
converts to an average flow of 4 .6 cfs (2,065 gpm) .

• By taking into account artificial or man induced inflows, Electric Lake losses increase to an
average of ,000 ac-ft/yr since 1 , a value ± 6,000 ac-ft/yr higher (400% higher) than for
the 1 6 - 1 1 time period .

•

	

A comparison of lake levels with the Palmer Drought Index shows that although the droughts
of 1 6 - 1 1 and 1 - present are of similar nature, the lake has responded in a
significantly different way. Two very clear observations are that first, lake levels started
dropping almost immediately following the start of the drought, and second, lake levels and
volumes have decreased far below any prior historic event, in spite of mans attempts to
stabilize levels .
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Historic data show very consistent summer depletion trends throughout the history of Electric
Lake up through the year 1 , in spite of small fluctuations in rainfall and discharge
variations . The consistency of these summer use trends shows and documents the
consistency of lake management . Comparisons of the rate of lake level and volume changes
during summer use periods since 2001 however show drastic variations from any prior time
period. A close look at volume changes since 1 has also now shown that impacts
potentially started as early as the year 1 . It is critical to understand that these changes in
use patterns are not a response to the drought since the drought only started in 1 . It takes
time for drought impacts to show significant impact as is evidenced by historic summer use
pattern and lake level data .

•

	

Comparisons of estimated (via mass balance equations) versus recorded flows within
Huntington Creek (since flumes were installed) shows that the error between estimated and
recorded flows increases as man induced inflows increase . This increasing error is the result
of increased un-measurable lake losses which in turn results from increased ground water
withdrawals via in-mine or well pumping .

•

	

It is our understanding that mine personnel have indicated that the fault/fracture system
penetrated by well JC-1 is not directly or significantly connected to 10 Left mine workings .
This assumption is understood to be based on the fact that pumping 4,200 gpm from well JC-
1 only reduced in-mine flows by approximately 600 gpm . As a first order approximation to
better understand this issue, the Theis well equation was used to demonstrate that the
reduction in flows noted by the mine are in the order of magnitude which would be expected
due to well drawdown influence . These relationships show that the existing connection
between JC-1 and the mine are not out of line, and are as would be expected .

•

	

Using orifice flow equations, we have approximated future flows based on current flow,
current head, and anticipated future head conditions . Following this approach we have
determined that

•

	

Because of the interconnected nature of abandoned mine workings, post mining
potentiometric heads will be significantly lower than pre-mined conditions .

•

	

Post mining flows through fractures will be significantly different than pre-mined
conditions. Some fracture sets previously isolated will now be hydraulically
connected with other fracture sets thereby creating modified flow paths . Once
hydraulically connected, and under post mining conditions, some existing fracture
inflows are shown to have reversed flow, and will thereby be points of discharge
rather than sources of recharge . Under post mining conditions, water levels will
stabilize at a point where inflows balance outflows . This has been projected to be
at an elevation below pre-mined water levels, which will have a continued
significant and permanent impact on the local and regional aquifer system .

In summary, there are significant findings which clearly and distinctly point to the conclusion
that waters pumped from the Canyon Fuels mine have impacted not only subsurface hydrologic
conditions, but also the surface hydrologic conditions of Electric Lake and vicinity . Further
details clarifying this statement are provided within the body of this update, and within the
attached appendices. Calculations have been provided within the appendices at the request of
DOGM as backup to conclusions made. We request that the reader forward questions regarding
assumptions made herein, or any perceived discrepancy or perceived error to PacifiCorp .
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ELECTRIC LAKE WATER BALANCE SPREADSHEET

The "Electric Lake Water Balance .xls" spreadsheet previously submitted to DOGM has
undergone some significant modifications and updates . An updated version is included as part of
this submittal in Appendix D . In an effort to help DOGM rapidly understand the content of the
spreadsheet, a description of general updates and new content follows

•

	

Columns that have been used for plotting data that are not significant have been hidden in the
spreadsheet to make things less confusing . The user is welcome to unhide them and review
them if desired . However, they have not been deleted since they were included on previous
submissions, and may still be used in the future . It is important to note however, that they are
not considered the main focus of the current investigation and have not been thoroughly
checked for accuracy .

•

	

The spreadsheet has been color coded to designate varying input and output types . It is hoped
that this color coding will help the reader differentiate between input data versus calculated
fields .

•

	

Cell H has been included to allow an estimate of lake leakage to be entered. Entry of a
value in this cell modifies "calculated" Huntington Creek Flows by adding a lake loss that
represents natural seepage outflow.

•

	

Columns F thru J have been added or modified to clearly differentiate between calculated and
measured Huntington Creek flows, and to provide a difference between calculated and
measured data .

•

	

Columns BG thru BZ were used to review data in a simplistic manner ignoring all but major
inflows and outflows . These columns and resulting plot show data similar in nature to that
historically prepared by PacifiCorp .

•

	

Columns CB through CW calculate the expected cumulative difference in lake level and
volume if Wells JC-1 and JC-3 had not been pumping, nor lake discharges been reduced .

•

	

Columns CY through EA calculate loss ratios by comparing changes in volume to flows
either pumped into the lake by JC-1 and JC-3, or artificially held in the lake via reduced
outflows .

•

	

Some new graphs have also been added, and all graphs have been updated. Selected new
graphs are highlighted herein .

Electric Lake Impact of Artificial Inflows / Reduced Outflows

Water levels and volumes of Electric Lake have been artificially and positively modified over
what conditions would have been ever since Well JC-1 was first drilled and put into service by
Canyon Fuels Company. Since that time additional man induced impacts have also been noted
including a reduction in minimum lake outflows from 12 cfs to 6 cfs (5,3 5 to 2,6 3 gpm), and
the introduction of water from Well JC-3 . The lake outflow reduction was a concession made by
Forest Service and the Utah Division of Wildlife Resources to prevent the potentially devastating
impacts on fish and wildlife of low lake levels and reduced or eliminated downstream flows .
The introduction of flows from JC-1 began in September 2001, the policy to reduce outflows was

•

	

implemented in September 2002, and Well JC-3 went into service in July of 2003 . In general
terms, these events have been cumulative over time, and are all man induced by design .
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Since these three events are often discussed hereafter in term of their cumulative impact upon
lake level and volume, it was felt that abbreviations should be developed whereby they could be
easily referenced. Therefore, future discussions related to these cumulative impacts will be
texturally referred to as "man induced inflows" or referenced in tables and graphs as follows

Cumulative Flow Event	Reference made hereafter

Addition of Well JC-1 Inflows

	

JCl

Addition of Well JC-1 Inflows

	

JC1-RO
Reduction of Lake Outflows

Addition of Well JC-1 Inflows
Reduction of Lake Outflows
Addition of Well JC-3 Inflows

5

JC1-JC3

FIGURE 1
Figures 1 and 2 show the
calculated difference
between recorded lake

•

	

levels and volumes
respectively versus those
that would have been
anticipated had JC-1,
reduced outflows and JC-3
(condition JC1-JC3) not
contributed to lake storage .
Note from the graphs that
lake levels would have
dropped below the outlet
structure twice, once for
four months between
December of 2002 and
April of 2003, and again
beginning in December of
2003 . As can also be seen from Figure 2 and attached spreadsheet data, man induced inflows
into the lake are believed to have artificially maintained lake volumes through December of 2003
by as much as ,1 4 acre-feet. This volume of water amounts to an artificial maintenance of lake
levels 2 feet higher than would likely have been realized otherwise as seen in Figure 1 .

From this data a very interesting fact was identified . That is, a total of 1 ,016 acre-feet of water
was either pumped into or held back in Electric Lake resulting in a total calculated gain of only

,1 4 acre-feet . These numbers show a calculated 55% loss (45% efficiency) for all waters
pumped into the lake .
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Lake Loss Calculations

Simple Mass Balance
Approach
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5000
procedure and method has
been used by PacifiCorp
wherein "Lost Water" is
back calculated from basic
data including lake
discharges, lake volume,
evaporation, and
precipitation . This method
is used for comparative purposes when direct inflow measurements are not available, and for
comparisons of trends between current and historic conditions . Although this data has been
criticized by some, it is firmly believed to be a very good representation of changes that have
been noted. PacifiCorp has not taken the stand that the data is absolute, but rather relative in
nature. When the entire period of record is reviewed using this methodology, it does show a very
distinct change in lake characteristics starting in the same period of time as when the mine
approached Electric Lake .

Measured vs. Man Induced (Artificial) Volume Approach

ELECTRIC LAKE VOLUME
Impact of Artificial Inflows/ Reduced Outflows

6

2002

Date
2003

FIGURE 2

Historic JC1 - JC1-RO JC1 -JC3

An evaluation of data contained within the attached spreadsheet provides a glimpse of loss
impacts resulting from pumping and the potential interconnectivity between Electric Lake and in-
mine pumping. Figure 3 has been prepared to show how various flow and volume ratios change
as pumping and reduced outflows have increased .

The data contained on Figure 3 plot the ratios of increased volume during any given month over
the sum of "man induced" or "artificial" inflows for the same month period . The green data
shows the ratios while well JC-1 was pumping alone . The Red data shows comparative ratios
with both JC-1 and reduced outflow contributions (JC1-RO) . The yellow data shows the ratios
applicable to periods of time wherein JC-1, JC-3 and reduced outflows (JC1-JC3) were all
contributing to sustaining the lake volume . Ratio values below 1 .0 indicate a pumping loss since
less storage volume was recorded than the volume of water introduced and/or saved . Ratios
equal to 1 .0 indicate all water pumped into the lake was accounted for through change in lake
volume calculations .



Note from the data shown in
Figure 3 that the calculated
ratio during the time JC-1
was pumping alone was at a
relative value of 1 .0. This
would tend to indicate that
1) measurements taken
during the time JC-1 alone
was pumping was
insufficient to determine a
loss ratio, or 2) that JC-1
showed little impact on lake
losses for the data collected . C
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The next set of data (red
data, showing ratios relative
to JC-1 and reduced
outflows (JC 1-RO)) show
loss ratios between 0.5 and
1 .0. This data could be interpreted as being consistent with JC-1 findings, or be showing a slight
increased loss via the data which is shifted to the left . The second set of data was not expected to
show significant increased loss impact since 1) the potential for retained storage to increase
losses is directly related to elevation head and the orifice equation, and 2) since small changes in
head will not typically show significant changes in increased loss . This was earlier confirmed via
Figures 1 and 2 where the impact to level and volume resulting from decreased outflows was
small .

The third set of data accounting for total artificial inflows (JC1-JC3) however shows a distinct
shift to the left, indicating an increase in lake losses with increased pumping . In other words, the
graph seems to indicate that lake losses increase with increased pumping . Since JC-3 pumps
directly from the 10 Left mains (i .e ., the same underground reservoir pool), the same conclusion
regarding potential impacts could be inferred regarding potential increases in mine discharges to
Eccles Creek .

The set of data shown in Figure 4 takes a different approach to evaluating loss . This set of data
calculates the ratio between the difference in recorded lake volumes divided by the difference in
adjusted lake volumes after mans influences have been accounted for (JC1- JC3) . Note from the
graph that the data shows a strong increasing loss with increased flows (i .e ., data has an upward
and to the left trend) . As a point of reference, the four highest combined flow data show ratios
significantly less than 1 .0 .
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0
Hand calculations
evaluating lake loss from
various perspectives are
included in Appendix A .
The first set of equations
evaluates loss during the
periods of September 2001
thru November of 2002, and
the second during the April
2003 thru November 2003
period wherein the corrected
lake level was not projected
to drop below the outlet
structure. Pumping
efficiencies were calculated
to be 0 . 6 (14% loss in
pumped water) and 0.44
(56% loss) for the first and
second time periods
respectively.
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Change in Measured Volume /Adjusted Volume Change

Checking losses based strictly on a change in lake volume (recorded volume minus corrected
volume) over the same periods of time as above gave gross calculated lake losses of 5 . and .
cfs (2,600 to 3,545 gpm) respectively.

A check of pumping efficiencies shows that during the May through December 2003 period of
time the net difference in measured and corrected lake volumes was 2, 5 ac-ft with a
corresponding pumped inflow of 5, 15 ac-ft. Using these numbers for this period of time
produces a pumping efficiency of 4 %. A pumping efficiency of 62% was calculated for the
September 2001 through December 2003 time period wherein the difference in measured and
corrected lake volumes, and pumped inflow was ,042 and 13,0 2 ac-ft respectively .

Measured vs. Adjusted Volume Approach

Another check of lake loss was completed by comparing the average annual change in lake
volume for comparable drought periods. The first drought period occurring between 1 6 and
1 1 shows a total loss of lake volume over the five year period of 10, 3 ac-ft, or an average
loss of 2,1 5 ac-ft/yr. The current drought period shows that between 1 and 2003 the lake
lost 22,111 ac-ft over a four year period (using corrected lake levels) for an average of 5,52 ac-
ft/yr. Subtracting these values and converting to cfs gives an estimated total increased average
loss (lake impact) of 4 .6 cfs (2,065 gpm). It is our position that actual lake loss is higher than the
estimated 4.6 cfs since it is shown elsewhere herein that there is not a direct one to one
relationship between man induced inflows and changes in lake storage. In other words, there is a

A o

FIGURE 4



0 significant portion of flows from JC-1, JC-3, and retained water from reduced outflows that has
not been seen to contribute directly to increased lake storage .

Changed Outflows vs . Man Induced Inflows Approach

Still another method of checking lake loss is to make a direct comparison of changed outflows
for similar drought periods versus man induced or artificial inflows . Since the slope of the
summer use pattern for 2003 is similar in nature to those identified for pre-1

periods, one can

hypothesize that man induced inflows are helping to sustain lake volumes to pre-impacted
conditions. Using this hypothesis, we found that the difference in lake discharge for 1 0 versus
lake discharge for 2003 was 6, 42 ac-ft, and that JC-1 and JC-3 inflows totaled , 6.2 ac-ft for
a total lake impact of 14, 2

ac-ft, or 20

.3 cfs ( ,110 gpm). Making a similar comparison for
2002 yielded a loss estimate of ,

ac-ft, or 10

.

cfs (4,

2 gpm) .

Although variation exists with every method of loss calculation made to date, it is important to
note that all methods identify that a significant loss is and has been noted .

GRAPH UDPATES

Electric Lake Water Level
History

Water levels within Electric
Lake continue to decline
below any previous historic
value as shown in Figure 5 .
This decline is noted even
with the addition of
significant artificial inflows
from JC-l, JC-3 and
reduced outflows totaling
over 1 ,000 acre-feet since
September 2001 .

Electric Lake Discharge
History

Figure 6 shows a significant decrease in Lake discharge that has extended over two years that
rivals any known prior record . Lake levels continued to decline in spite of reduced outflows and
increased artificial inflows .

Figure

has been updated to show the Palmer Drought Index plotted with lake volume history

.
Although a similar graph plotted against lake level shows nearly identical results, the graph using
volume was used to eliminate controversy regarding the potential misinterpretation of data due to
the non linear relationship between lake level and volume . As can be seen, lake volumes
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continue (through the date of this update) to drop below prior historic events, in spite of the fact
that the current drought is similar in nature to the five year drought of 1 6 -1 1 . Again,
remember that lake levels are artificially high due to the contributions of man induced inflows .

FIGURE 6
Of particular interest is to
note the variations shown in
the chart between lake
volume and the Palmer
Drought Index . In the year

	

20000

Electric Lake Discharge History

~~ ~! ~ LA6-.

1 6 for example, the
palmer drought index was at

	

a1 15000

a level near 4, similar to that

	

10000
found in 1 . Immediately

	

L
thereafter it dropped to a

	

N 5000
0

level of near -2 where it

	

0
basically stayed for four or
five years, again similar to
that seen since 1 . The
general nature of these two
drought events is similar,
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yet lake volumes do not show the same patterns between the two time periods . This is in spite of
the fact that lake discharges throughout the noted time period have remained relatively constant
as was previously shown in Figure 6 .

00 ,~ AA,~rx X010 00 0~ 0~ 00 00 00 oti o3 00 0A 00 0'` o''O o ,~0 o 0000 00000 0001yo lip
Date

FIGURE
During the 1 6 to 1 1
period the lake volume
responded by dropping an
estimated 10,000 acre-feet,
or an average of 2,000 ac-
ft/yr . Within four years
following the start of the
1 drought, lake volumes
were recorded to have
dropped 14,000 acre-feet, or
an average of 3,500 ac-ft/r,
and this in spite of the fact
that 1 ,000 ac-ft (4,500 ac-
ft/yr) has been added to the
lake artificially. Adding
both these components
indicates that since 1 ,
the lake has been loosing an
average of ,000 ac-ft/yr, a value 6,000 ac-ft/yr ( .3 cfs or 3, 25 gpm)) higher than for the
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historically similar 1 6-1 1 period . Note also from Figure the relative rapidity in which
water levels dropped following the start of each respective drought period .

Summer Use Patterns

Figures and show a very
clear visual image of the
impacts noted on the lake
since mining occurred in 10

	

600

Left. Figure shows 1) the
historic water surface
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elevation of the lake since
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calculated water surface

	

W 450
elevation without inflows
from JC-1, JC-3 or reduced
lake outflows (red) . Note
from the figure the relative
consistency between
measured summer use
patterns (show by the slope of the line added to each summer period event) up until the 2001

•

	

period. In 2001 and 2002 however, the slopes of the summer use period change . These
steepened slopes indicate a more rapid drawdown that is characteristic of the lake . Even more
severe is the slope of the summer use period line when the water level elevation is adjusted for
mans influence (addition of JC-1 and JC-3 flows, and reduction of lake discharges) .

Also of note in Figure is the return of the summer use slopes to more of a normal condition
during 2003 . It must be remembered that this return to normal includes artificial inflows from
JC-1, JC-3 and from reduced lake outflows .

A plot of the same time period for volume was also prepared to remove any influence of stage-
volume variations (see Figure ) . As can be seen, a similar condition and impact on lake
hydrology is found regardless of whether levels or volume are considered . As with the prior plot,
the increased depletions noted since 2000, and subsequent return to approximate normal slope
conditions in 2004 can be seen. This is consistent with the loss, then replacement of water via
wells and reduced outflow. Figure however goes one step beyond the analysis shown in Figure
in that it demonstrates an impact on lake volumes prior to 2001 . Note from the figure that the

slope of the summer use depletion line shows a fairly significant change starting in 1 while
discharge data is shown to be fairly consistent . Although not recognized at the time, it would
appear that the lake was experiencing impacts as early as 1 . Again, the return of the slope of
the summer use depletion lines would appear to be giving an indication that the amount of loss
from the lake is likely close in value to the amount of water being artificially held within the

•

	

reservoir through reduced operational summer time outflows, plus the amount of inflows from
wells .

Comparison of Pre 2001 versus Post 2001 Summer
Use Patterns in Electric Lake
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Huntington Creek Flows

Another point brought via a
review of Figure is the
fact that the changes in
summer use occurred too
quickly following the start
of the drought, to be caused
by the drought . In other
words, the most recent
drought starting in 1
would not have resulted in
an immediate impact as is
noted in Figure . The
visualization of such
impacts require the passage
of time. This fact can easily
be gleaned through a review
of summer use patterns
following the 1 6 - 1 1 drought .
Left which are also noted to have occurred immediately .

FIGURE

Comparison of Pre 2001 versus Post 2001 Summer Use
Patterns in Electric Lake
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Discharge

A similar statement can be made regarding the impacts of 10

A question and concern that DOGM has had for several months is related to the fact that
Huntington Creek inflows have not been measured over historic time, and that data used within
spreadsheets was back calculated . It is important to remember several points with this regard .

•

	

First, many evaluations which have been completed do not require inflow to be known .
For example, the following comparisons presented herein have been completed
independent of inflow data .

•

	

The evaluation of projected lake levels and volumes without the influence of JC-1,
JC-3 and reduced outflows .

•

	

The Evaluation of Increased Flows on Effective Change in Storage using Man
Induced Volume Change .

•

	

The evaluation of Increased Flows on Effective Change in Storage using Adjusted
Volume Change .

•

	

The presentation and discussion related to Electric Lake History showing dramatic
changes in lake performance .

•

	

Demonstrations of continued lake level and volume declines in spite of decreased
outflows .

•

	

Comparisons between lake levels and volumes versus the Palmer Drought Index.
•

	

Comparisons of historic and present summer use patterns .
•

	

Evaluations of projected current and post mining in-mine flows .
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Evaluations of the projected post mining potentiometric water table and a comparison
with pre-mined conditions .

•

	

Second, numerical evaluations made by PacifiCorp have been used for several years and
show quite effectively the basic conditions related to the reservoir .

•

	

Third, spreadsheet calculations completed by Hansen, Allen & Luce, Inc . have been
developed to show and present data using back calculated inflows as well as measured
inflows since the data has been available . Regardless of the method employed, data show
a consistent conclusion, that is, there has been impact to Electric Lake .

•

	

Fourth, much of the data reviewed has been prepared to visually demonstrate trends and
variations or departures from past performance, and hence do not use nor need detailed
flow numbers . As long as the same methodology is used to determine Huntington Creek
flows, any error in calculation will be consistently employed throughout the analysis and
will not impact trends . Hence, trends and variations over time can very effectively
demonstrate impacts, and can be just as meaningful as detailed numerical data .

For all intents and purposes, up until the problems were encountered since the early 2000's, a
measurement was not needed by PacifiCorp to properly manage and operate Electric Lake . One
can not say that the method employed by PacifiCorp to evaluate water supply and demand has

•

	

not proven to be very effective in managing the resources of Electric Lake and meeting their
power supply needs . It wasn't until after mining impacts were suspected that PacifiCorp was
forced into the situation wherein they needed to more fully document flows and complete
detailed loss evaluations in order to prove that impacts have been noted . Realizing this need, the
first measuring station was installed in July of 2002 with a second flume being installed on the
creek during the winter of 2003 .

Now that stream flow measurements are available, a comparison of calculated inflows to
measured inflows can be made. Data shown in columns F through J documents this comparison,
and Figure 10 has been added to identify the correlation between the two data sets . As can be
seen from the figure, there is a very strong correlation between total lake inflows due to mans
influence and the difference between calculated and measured inflows . The correlation between
data sets shows that it is increasingly difficult to predict Huntington Creek Flows as contributions
from JC-1, JC-3 and reduced lake outflow, increase .

The strong correlation between these two data sets further suggests that there is an additional
factor which must be taken into account due to pumping. Some understanding of this additional
factor can be gained when a review of the ratio of added flows divided by the difference between

13



0
calculated and measured
inflows is studied as shown
in red on Figure 10 . For
low inflows, the difference
between data sets is
relatively minor with an
error of 20 to 30%,
however, for total inflows
greater than about 10 cfs
(4,4 gpm), this error rises
to the 50 to 0% level . We
believe this correlation is
tied to the fact that
additional in-mine pumping
lowers the regional water
table, and thereby increases
gradients and flows from
the lake .

In-Mine Flow Evaluation

V

00

Nm

5 .0

Three separate evaluations have been made regarding in-mine flows . The first included a
determination of how in-mine flows vary with decreasing head while the second determined what
inflows might be expected as the mine fills with water following abandonment . The third
evaluation attempted to predict water quality with a filling mine. Calculations related to in-mine
water is included within Appendix B .

Impact of Decreasing In-Mine Heads on JC-1 Pumping

Well withdrawals from JC-1 has a direct impact on the amount of water entering the mine at the
10-Left mine workings, however, this connection does not have a 1 1 relationship, or in other
words is not a straight pipe like connection . In terms of flow, the withdrawal of 2,100 gpm from
JC-1 will not, nor would it be expected to reduce mine inflows by the same amount . During
discussions with PacifiCorp, mine personnel estimated that pumping from well JC-1 resulted in
in-mine flow reductions on the order of 600 gpm . Calculations developed to demonstrate this
relationship are shown in Appendix C . Data shown in Appendix C start by determining an
equivalent Hydraulic Transmissivity for JC-1 using well test and drawdown data . Calculations
within the appendix use the Theis well equation to estimate the amount of drawdown anticipated
within the area of the main 10 Left inflow for two different pumped flow conditions, 2,100 and
4,200 gpm.

PacifiCorp understands that the Theis equation theory is based on uniform flow in a
homogeneous aquifer, and that it does not fully match the well loss, bedrock, and fracture flow
conditions found at well JC-1 . It is however a simple and easily understood equation that can be

40 .0
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25 .0

20 .0
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5 .0

0.0

	

0.0

0.0

Total Flow from JC-1, JC-3 and Reduced Lake Outflows (cfs)
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0 used as a first order approximation of potential drawdowns, which in turn demonstrates
similarities to observed conditions by mine personnel . Use of the equation is not meant to be an
accurate portrayal of conditions, rather it is meant to serve as an example of hydraulic theory that
support noted field conditions. A summary of calculated drawdown data developed through the
use of the Theis equation is shown in Table 1 .

Using these drawdowns, estimates of flow impacts were made based on two methodologies . The
first estimate was obtained using a hypothetical in-mine well with the same characteristics as JC-
1 . Flows were varied in the well equation until drawdown at the well matched the predicted
drawdown at the projected mine location estimated to be between 300 and 600 feet from well JC-
1 . From Table 1 we see that at the JC-1 flow rates of 2,100 and 4,200 gpm, equivalent flows at
distances of 300 and 600 feet required to produce the predicted drawdown were calculated to be
635 and 1,2 0 gpm respectively .

TABLE 1

The second method employed to check for in-mine impact due to pumping of JC-1 was to
evaluate changed flow conditions using the orifice flow equation . Using this method revealed
that pumping 4,200 gpm from JC-1 would reduce inflows at distances of 300 and 600 feet to
1, 3 3 and 1,110 gpm respectively .

Similar results are expected regardless of variations in inputs that might be suggested . The
bottom line conclusions that can be drawn from this brief review and analysis are

•

	

Pumping JC-1 will have an impact on aquifer head conditions which will radially
decrease as one moves outward from well JC-1 .

•

	

Pumping JC-1 will not have a 1 1 impact on in-mine water discharges. Mine personnel
have confirmed this fact by indicating that they estimate a 600 gpm impact on mine
inflows with JC-1 pumping.

•

	

JC-1 does not intercept all the water moving through the local fault fracture system .
•

	

Higher estimates of potential impact through the equations shown in Appendix C may
indicate that other side sources of inflow also enter into the 10 Left area . The fault
fracture system intercepted by JC-1 could for example could be interconnected with the
fault system directly feeding the 10 Left inflow .

15

JC-1 Flow
(gpm)

Radial Distance
(ft)

Calculated Drawdown
(ft)

Equivalent Well flow at
Radial Distance (gpm)

2,100

0 - 5 2,100
150 -43 55
300 -36 2
600 -2 635
0 -1 4,200

4,200 150 - 6 1, 10
300 - 1 1,5 0
600 -5 1,2 0
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Local ground water systems are interconnected via faulting and fracturing .

Check of Flow Calculation with Changing Head

Mine inflows can be simulated using the orifice flow equation which is a function of driving
pressure head, the open area of the orifice or flow zone, and a constant which is related to the
friction or flow restrictive nature of the orifice. In its pure form, the orifice equation is

Q=CA(2gh) 0.5

Where

C friction constant
A orifice area
g gravitational constant
h head

Re-arranging the equation by dividing both sides by the square root factor gives

CA Q/(2gh) o.5

Now, since CA for any given orifice or inflow is constant, the equation can be applied to two
time periods to determine an unknown. If for example one knows the flow and head conditions
at the present time, and the projected head at some point in the future, the equation can be solved
for future flow as follows .

Qpresent / (2 g hpresent) 0 .5 C A Qfuture / (2 g hii e) 0 .5

and reduced to

Qfuture (Qpresent) (hfuture) 0 .5 / (hpresent) 0 .5

Evaluating heads in this manner, provides the means to predict flow was determined for the East
Sub-x5, 11-Left-x24, 11-Left-su, and 11-Leftx40 inflow locations as shown in Table 2 . Of the
four inflow points evaluated, the East Sub-x5 inflow point showed the worst correlation while
the remaining 3 locations showed errors between 1 and 33% . Reasons for potential variability in
accuracy is due to inaccuracies within the data sets used, including both flow (which was
estimated by mine personnel), and with head which was developed from limited available data .
In Table 2, for example, the equation for calculating Current Flow for East Sub-x5 is as follows

Qfuture (1,000) (50) 0.5 /( ) 0 .5 1 gpm

When compared to the estimated flow from mine personnel of 3 0 gpm, Table 2 shows a 4%
error. The error is mostly believed to be the result of both inaccuracies in current in-mine flow
estimates, and inaccuracies in both current and estimated future potentiometric water level heads .
If for example present flows were really 00 gpm, and future head is 40 feet, the future calculated

16



flow is then reduced to 513 gpm, giving a 3 % error in lieu of the 4% error calculated .
Although there is error in the estimates, use of these calculations does provide a reasonable
estimate of potential future conditions .

TABLE 2

(1) gpm

Anticipated Flow Variation with Mine Abandonment

Upon abandonment, in-mine water levels would rise (if leakage from the area is not excessive) to
a topographic high near the south end of the 6 Left mains after which the water would spill
northward into adjacent mine workings . Excess water flowing northward into the 14, 15 and 16
Left mains would be pumped to the surface and contribute to Eccles Creek flows . With

•

	

abandonment, it is anticipated that water quality will decrease as the water moves through, and
remains in contact with the abandoned workings . In order to determine the potential impact upon
the hydrologic system, post mining flows were calculated for each in-mine source based on the
spill elevation as determined by mine personnel .

Calculations included within Appendix B predict that flow for each identified source is expected
to vary as shown in Table 3 . Note that the net flow for these four sources is projected to reverse .
This is significant since it means that long wall mining has opened up the mine workings and
created new interconnections between faults that were not previously present. Since mine inflow
is a function of mine elevation and potentiometric head, the interconnection of these locations
will create a head condition that varies significantly from undisturbed conditions. Some of these
variations will include a reversal of flow under assumed post mining conditions .

Using map and flow data provided by the mine and DOGM, we note the following variations
between mine inflow locations . Table 3 shows recorded flow data from the four inflow locations
during two time periods, first the initial flow, and second the flow estimated to be present during
March of 2003 . Using this data, coupled with potentiometric head data taken from mine
mapping, we have calculated a probable flow given post mining conditions as stated by the mine .
Note that all flows are expected to be significantly reduced as water levels attempt to re-
stabilize, but even more importantly, two of the faults are projected to have reversed flow under
the assumed post mining head condition .

1

Location
I" Inflow Condition Current Condition Error (%)

Calc. Flow - Est. FlowHead
(ft)

Est .
Flow' )

Head
(ft)

Est .
Flow' )

Calc .
Flow ( ' ) Est. Flow

East Sub-x5 1,000 50 3 0 1 4
11-Left-x24 1 4 1,000 145 00 13 1
11-Left-su 333 1,500 26 1,000 1,346 35
11-Left-x40 232 1,000 1 1 1,300 0 30



TABLE 3

Because water can now easily move through abandoned mine workings from one fault zone to
another, it is highly improbable that the water level will ever return to pre-mining levels . What is
expected to happen is that water will continue to fill and spread through abandoned mine
workings until pressures stabilize at a point where inflows balance outflows. This fact was
discussed with mine personnel in the summer of 2003. The difference between pre and post
mining conditions is that the mining operation has opened up many new relatively unrestrained
flow paths that were not present prior to mining . These new flow paths create conditions
wherein water can more easily both enter and leave the mine . Experience has shown that once a
coal seam has been mined, especially using long wall methods, the potentiometric surface does
not return to pre-mined conditions . As a local example we offer the Plateau Mine wherein
mining clearly affected the local ground water table and flows in Tie Fork Spring .
Documentation clearly shows through the mining record that mine dewatering reduced spring
flows, and that following the termination of mining, local ground water was re-directed via
abandoned mine workings towards Tie Fork Springs where after flows increased by about 20% .

Calculations performed to determine the approximate level at which the water is anticipated to
stabilize within the Skyline Mine have been made as summarized in Table 4 . A more detailed
spreadsheet of calculations is included within Appendix B .

TABLE 4

1

Location Initial
Flow

Post Mine Conditions with
Spill to North

Balanced Flow
Conditions

Elevation Flow (gpm) Elevation Flow (gpm)
11 Left - Setup Room 1,300 44 -6, 50
11 Left - HG xc 40 1,000 -302 -5 2
11 Left - HG xc 24 1,000 -3 2 4
East Sub xc 5 3 0 260 1 0 32 61
14 Left HG 1,600 1,431 1,316
16 Left HG 1,200 3 4
Diagonal Fault 1,000 60 6
10 Left - Main Inflow 6,500 4,341 3,332

TOTAL 13, 0 ,42 0

Location Estimated Initial Flow
gpm

Estimated Mar 2003
Flow, gpm

Calculated Post
Mining Flow, gpm

East Sub-x5 1,000 3 0 1 0
11-Left-x24 1,000 00 -302
11-Left-x40 1,000 1,000 -10 4
11-Left-Setup Room 1,500 1,300 44

Total 4,500 3,5 0 - 5



Note from Table 4 that 1) mine inflows will decline, and in some instances even reverse flow
direction as the mine fills, and 2) the 32 ' msl elevation wherein flows are expected to balance
is significantly lower than the pre-mined water table for the general area . Unless post-mining
water tables return to pre-mined conditions, there will be a continued and permanent hydrologic
effect upon the local and regional aquifer system .

The preliminary topographic and hydrologic cross-section shown in Figure 11 was prepared in
order to visually identify the projected impacts to the pre-mined versus post-mine potentiometric
surface. The figure was developed within an "Excel" Spreadsheet by extracting data from
available mapping in a southwest to northeast direction through the north end of Electric Lake to
a point near the mine entry portals in Eccles Canyon . As can be seen in the figure the pre-mined
potentiometric surface is shown in a dark blue color with an approximate peak elevation of 00
feet msl .

During mining the local potentiometric surface was lowered to a level near 200 feet msl as
water was pumped from active mine sections to other mined areas, or to the surface via Eccles
Creek. It is important to remember that under flooded abandoned mine conditions, the
hydrostatic head will take on a very uniform and generally flat head (visualized as an open
reservoir) throughout saturated mine sections, a condition very unlike pre-mined conditions .
Under pre-mined conditions, the potentiometric head varied laterally in space as water moved
through and around a myriad of geologic conditions, including confining beds, sandstones, faults

•

	

and fractures, etc . . This general change in potentiometric head is demonstrated in Figure 11
wherein comparisons of the Pre-mined and April 2003 water surfaces are made .

The red line shown in
Figure 11 represents that
level to which the ground
water potentiometric surface
is anticipated to return to
following mining activities .
Note the relative flat nature
of the projected
potentiometric surface and
the significant variation it
has with pre-mined
conditions .

It is PacifiCorp's position
that pre and post mined
ground water conditions
show extreme variation, and

•

	

that there are and will
continue to be significant
local and regional hydrogeologic impacts .

FIGURE 11
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0
Although not completed, similar plots could be developed for other areas within the region .
DOGM may desire to have similar plots developed throughout the region to verify and clarify
projected ground water level decline impacts . Although not available to PacifiCorp, it is likely
that AutoCad or other similar computer files are available to either Canyon Fuels or DOGM that
could perform this task relatively easily .
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Appendix A
Lake Loss Calculation
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Appendix B
In-Mine Flows

Variation in Flow with Head
Flows Following Mine Abandonment

Head at Stabilized Flow
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Error
(%}

0

Inflow
Location

Inflow
Elevation

(msl
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Reading

Initial
Potentiometric

Elevation'
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f

I

InitialInfi(ow
(gpm)

	

'

Date of
Subsequent
Measurement

Gob Mar- L	40Q. .. .
4 L ft Mar- 1600
6 L ft Nov- 11 5

Mar-01 1010
10--Left 064, 4 -01 54 0

East Sub 130 Oct-01 22 1000 Nov-02
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-Left-su 000 Mar-02 333 1500 Mar-03
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0
CHIA— MUD CREEK ANDUPPERHUNTINCTON CREEK BASINS

TABLE -Waterr Inflows to SkyhneMinc

14

/ CO
_~0~

-\

These inflows prompted considerable

	

by the mine andinvestigations

	

oomide oonmnbanxs.
They also necessitated a revision to this CHIA in November 2002 . All of the inflows were in

Mine 2, which proceeded lurther west than Mine ) or Mine 3 . All inflows are associated with

faults and enter the mine through the floor. Based on the investigations of HC( and potorsco

(Appendices C, G, and BufJuly 2002 Addendum to the PHC) it 'w'is dctLrmlncd that the water

source is the Star Point $andstone formation located beneath the coal scam . The Star Point

Sandstone in the ~aoine area is believed to consist of 14 sandstonce layers totaling 43 feet in

d`ioknooa. Of the five (5) major iDflOWS encountered between March 1 and October 200 1,

total inflows have decreased from 11,000 gpm togpm 4`4 0gpmmxofJune 2003 a 5 percent

decrease.As discussed earlier, this formation has a large storage coefficient and relatively high
u`ansminaivitx . The large network of fracture planes that make up the regional fracture network

provide the surface area necessary to drain . the water stored in the matrix of the Star Point
Sandstone. Based on

14
C age dating and Tritium analysis, the water in the Star Point Sandstone

i s bed nod to be of ancient origin and represent an isolated groundwater storage volume that is

not in direct connection with the surface,

Immediately after the 6,500-gpo inflow, the mine drilled 2 wells into the fault that

intercepted the 10-Left Mow location . The intent was to remove groundwater before it eritefed
the rnine and thus reduce inflows . Only one well, J01, produced appreciable water and is

currently pumping at about 4,n0Ogpm . This pumping wa's only marginally successful at

reducing inflow waters and was estimated to reduce the inflow no more than 00 jSprn while the

well n/uspumping 2,z0/gn,v(ilC!) . .

Inflow

Location
Date

Estimated

Initial Flow,

gpm

Nlarch 2003

'Flow, gpnm

14-1,eft HG 300

16-Left IIG
1

01 1000 300

l W
. obmuina

(now

referenced as

Diagonal

Fault

03,1200 1,000 300

0-Loft W20 ) 6,500 200

E. Submai

XC5
10/2001 1,000 1 0

n-Left xoXCz4 02/2DU1 l'O0O

	

- - 00--
I 14,01 HG V'40 02/2002 1,000 _ 1,0001,000

Left Soup Rm . 03/2002 _1 _

	

1,500 1,300

Totals 14, 00~ V00
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0 Evaluation of Flow Variation with Post Mine Flooding

Basis of Evaluation Orifice Equation Q C A (2g h)^0.5

Projected Flows if water were to fill to, and be maintained at the 260 hoot msl overflow location

Evaluation of Elevation to produce net balance between inflows and outflows for Sources

Location
Initial Pot

Mine Elev Head
(msl)(ma)

Diameter
(in)

Area

	

Flow
(ft)

	

(ftA2)

	

( Pm)

Post Mine
Calc d

	

Elev
(cfs)

	

C Factor

	

(msl)

ed
Flow

	

Delta Flow
(cfs)	( Pm)	(cl%)	( pm)

11-Left-Setup

-Left - HG x640

- HG xc 24-'

East Sub xc 5

14 Left MG

16 LeftHG

0.333 0.0

0.333 0 .0

0.333 0 .0

0.333 0 .06

0.333 0 .0

0.333 0 .0

0 .333 0.0

0.333

	

0.0

of

600

00

3.34

	

1.2323	 -15.3

	

-6, 4 .6

	

-1 .6

	

- ,34 .6

2.23

	

0.20

	

32

	

-1 .3

	

-5 1 .5

	

-3.5

	

-1,5 1.5

2.23

	

0.1632 32 . 1

	

1 .1

	

4 .1

	

-1 .2

	

-520.

2.23

	

0.146 1 32 . 1

	

1 .

	

61.0

	

-0.5

	

-23 .0

3.5

	

0 .21 1 ( 32 . (

	

2.

	

1,316 .3

	

-0.6

	

-2 3.

2.6

	

0.1565 J 32 . (

	

1.

	

3.5

	

-1 .0

	

-426.5

2.23 0 .14 3 32 I 1 . 6 .3 -0.5' -230.

14.4

	

1 .0 52 ( 32 I

	

.4

	

3,331 .

	

- .1

	

-3,16 .1

Locator Mine Slav
(msl)

Polentanetric
Head
(msI)

Diameter
(in) (ft)

Area

	

Flow
(ft"2 )

	

Wpm) (ds)
Calc'd

C Factor

Past Mine
Elev

Projected
Flow Delta Flow

(Cfs)

	

( Pm)(mSI) (ds)
(gpm)

11-Lef - Setup Roan 0.333 2 . 0 0 .240 1 .0 44 . -1 . - 52.20 .0

11-Left'-HG xc.40 0.333 2 .23 0 .2145 I I -0. -301 .5 -2. -1,301 .50 .0

	

0000 260

11 -t eft-H 3 xc24 0 333 2 .23 0 .22 I I -0. -3 2.2 -3.1 -1,3 2.20 .0 2 0

East Sub xc 5 30 0.66 0 . 2 0 .022 I I 0 .4 1 0.4 -0.4 -1 .60 34

	

3 00 260

14 Left HG 0 .333 3 .5 0.21 1 I j 3.2 1,431 .1 -0.4 -16 .0 .0 260

16 Left HG 0 .333 2.6 0.1565 I I 1 . 3.1 -0. -326.0.0 260

Diagor" Fault 0 .333 2.23 0.14 3 I 1 . 5 . -0.3 -140.30.0 260

10 Left - Main inflow 0 .333 14 .4 1.0 52 . 4,340,6 -4 . -2,15 .40.0

Total 13, 0.0 31 .1 16.6 ,42 .0 -14 .6 -6,641 .0'

Total 14 00 .0 33 .0 0.0 -0.1 -33.0 -14, 00.1
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Appendix C
JC-1 Well Impacts
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3

Company Hansen, Alien-& Luce	
Client Pacificorp ~~
Project 00513 .100
Location JamesCannon Well No. I
Test._ Well IC-I
Test Date /23!2002

Saturated Thic ness 1 0 . ft

Pumping Wells
Well Name	x (ft)

1

	

0

Aquifer Model Leaky

6262 .3 ft2fday
r/B 0 .05

4

PROJECT INFORMATION

AQUIFER DATA

Anisotropy Ratio KzXr)

WELL DATA

Solution Method Moench (Case

	 Observation Wells
Y (ft)

	

Well Name	x(ft) 	Y(ft)
0	 JC-1	0.5	0.5

SOLUTION

S 000 0 2
B 0.350

0.15 ft



0 Well Interference Program Using the Theis Solution
Constant Rate / Confined Fully Penetrating Wells

Condition `'Electric" a Sll JC-i Impacts on Mtt

Client 'PacifCo . .
Project Number.-'M.131
"Location aai

	

, Ca

Theis Equations

	

s 114. Q W(u) IT
u 1 . r'2SI(Tt)

Basic Date

2 100' qpM
4. cfs
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46, 3 . 6 gpdlft
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6 .5342
5.255253
6 .0211'46

Drawdown, ft
Radius to observation point, It

f

Projected Well Drawdown Curve

. .

	

,

0.000- 0.0000000
0.001 0.0000001
0.001 0 .0000002
0.002 0 000000
0.005 0,000003
0.00 0.00000 1
0,00 0 .0000145
0.311 0 0000226
0.023 0 .0000
0.034 0 .0002036
0.045 0 .000361
0.05 0 .0005055
0.06 0 .{X 0 143
0.0 0 0 .00110 3
00 1 0.00144 6
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0,114 0,002261



Well Interference Program Using the Thai* Solution
Constant Rate / Confined / Fully Penetrating Wells

Condition.- Electric Lake Well JC 1_Imp

	

on Mine

Client Pacific
Project Number 0x5.13.1
Well Location James Canyon, Electric Lak Ca ,'on

Theis

	

s 114.6 Q W(u) t T
u 1 . r"2S/(Tt

Basic Daft

Rad#us (ft) Radius (rr u
0.000 0.0000000
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0 .00
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0.011 0.0000226
0.023 0.0000 05
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0.0 0 0.00110 3
0.0 0.00144 6
0.102 0.001 311
0.114	0.0022 1

4 200 gpM
.36 cfs

Observation

	

600` ft
62 2 ft"2ktay

46, 3 . 6 gpdMt
Storage coefficient

	

00 0 2
Ti

	

e5 days
W(u) O

	

from Table .1 In Freeze & hVry, 1 r entel, 42
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Projected Well Drawdown Curve
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Appendix D
Electric Lake Water Balance .xls


